Role of Na+/H+ exchange in cardiac physiology and pathophysiology: mediation of myocardial reperfusion injury by the pH paradox.
Na+/H+ exchange, an electroneutral cotransport system, is activated by reperfusion of the ischaemic heart. While activation can restore intracellular pH following an acid load, the concomitant increase in intracellular Na+ can also aggravate existing derangements of ionic homeostasis, particularly with respect to calcium overload, and result in exacerbation and acceleration of tissue injury, a phenomenon which has been termed the pH paradox. In addition, Na+/H+ exchange has been shown to participate in the activation of both platelets and neutrophils, factors widely acknowledged to participate in ischaemic and reperfusion injury. All studies thus far reported (summarised in the table) have shown desirable and beneficial effects of Na+/H+ exchange inhibitors on various cellular processes which contribute to myocardial reperfusion injury. These multiple effects of Na+/H+ exchange inhibitors are unique and unmatched by any other group of pharmacological agents. They offer the hope of superior tissue protection and salvage, with limited potential for toxicity, following reperfusion protocols. We propose, therefore, that activation of the Na+/H+ exchanger mediates reperfusion injury and that suppression of the exchanger will be of superior benefit in reduction of such injury during restoration of flow. The rapid development of new and highly specific Na+/H+ exchange inhibitors offers substantial promise for the use of these agents as adjunct therapy in numerous reperfusion protocols.